


The Prgineering News. 


APRIL, 1875. 





STREETS.* 





BY B. H. CUNNINGHAM, 
From“ Engineering.” 

The object of this paper is to describe 
the street coverings now most used, and | 
to show their relative advantages and 
defects. But before we can weigh these 
fairly, or form reasonable opinions re- 
garding them, we must have distinct 
ideas about the nature of roads in gen- | 
eral, ond we must find out what a good | 
road really is. I shall, therefore, in the | 
first place endeavor to make a compre- 
hensive theory of roads, and in order to | 
do this shall enumerate and describe 
the qualities which a good road ought | 
to possess. We shall thus see what 
ends road-makers should aim at, and | 
what difficulties they have to overcome. | 
Secondly, I shall proceed to apply this | 
general theory of roads to one particu- | 
lar case, viz., streets, dividing all kinds | 
of modern streets into four great| 
classes :— 

1. Macadam, and macadam concrete 
streets. 

Il. Streets paved with stone setts. 

III. Streets paved with wood. 

IV. Streets paved with Asphalte. | 

Thus you may see that having found | 
out what a road is. our attention will | 
be confined to the roads now made in 
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they mav be easily referred to and com 
pared. The consideration of these facts 
will, 1 hope, show the relative advanta- 
ges of the four kinds of streets already 
mentioned. Having thus cleared and 


|defined our ground, we may now en 


deavor to answer the question, * What 
is a good road ?” 


It is not easy to do this in a single 


‘sentence, therefore it seems best to 


adopt the method already indicated and 


/enumerate the qualities which a good 


These are: 


I. Surface Hardness.— Wheels and 


road ought to possess. 


| horses’ feet must not sink or cut into its 


substance. Brittle hardness might be 
enough to prevent this, but a road sur 
face must have toughness; must stand 


| the wear caused by the rolling or grind- 


ing of the traffic, also the blows from 
the horse’s hoofs, and the jolting and 
concussion of vehicles. 

II. Smoothness—When this quality 
is combined with hardness, we at once 
obtain five things which are of great 
value to all connected with roads. 

1. Minimum Wear of Surface.—lt is 
a euphemism to speak of a carriage 
rolling along a road, as the real motion 
is of a very different kind. Let us 
watch an empty cab, while being driven 


| quickly over an ordinary granite pave. 


ment. This is certainly an extreme 
sase, but for that reason it shows clearly 
the action which takes place. It can 


this country, or in countries like it in’ easily be seen that the cab advances by 


civilization and physical features; and | 


a series of small jumps, and gives 


further, that it will be confined to these | pretty sharp blows to the setts which it 


in or near cities where the traffic is large | happens to strike. 


and heavy, that is to say, to streets. 
Having adopted these limits, we will 
not enter upon such subjects as the an- 
cient and modern history of roads,— 
the principles which guide their explo- 
rationx—the methods of construction 
adopted in remote colonies and western 


states—or the working of our own}! 
| ally knocked out of position and forced | 
Vehicles 

act chiefly, though not altogether, on | 
the surface of the setts, but horses prin- | 


highway Acts. Passing references will 


however be made to history, whenever | 


it affords us useful hints, either in the 
way of example or warning. Finally, 
I must explain that this paper is no 
record of original observation or exper- 
iments. Still, 1 venture to hope that it 
will not be found uninteresting or use- 
less. In the first place, the theories of 
some of those who have made roads 
well, or had them long under their 
charge, are stated and examined; so 
that, if possible, we may compile a 
sound and comprehensive theory of our 
own. Secondly, a good many facts have 


been collected from various scattered 
i 
* Paper read before the Edinburgh and Leith Society. 


This is caused by 
inequalities in the road, particularly at 
'the joints of the stones, and the same 
| thing happens more or less in connec- 
| tion with every kind of traffic, no mat- 
ter how heavy and slow; and on every 
kind of pavement, no matter how hard 
and smooth. The stones are thus ground 
or chipped away, besides being gradu- 


down into the substratum. 


cipally chip off their edges, and give 
them a rounded shape, by their endeav- 
ours to get firm foothold. This is proved 





rounded on the top than those sub- 
jected to general traffic in adjacent 
parts of the street. On a smooth, hard 
surface, there is comparatively no jolt- 
ing and little abrasion, and, by reduc- 
ing these, we shall evidently save mate- 


rial and lengthen the period during 





'sources and grouped together, so that | 


by the fact that between tramway rails | 
where the setts are chiefly exposed to | 
the action of hoofs, they become more | 
















which the road will remain in good 
form. 

2. Minimum Wear of Ve hieli s —The 
wear of vehicles must no doubt be an 
important item, though it is not easy to 
estimate. Jolting is at least as bad for 
the vehicle as the road. and a consider 
able sum can be saved to the commu 
nity by making hard, smooth roadway, 

3. Minimum Noise.—This becomes 
a desideratum where the traffic is in 
cessant. 

4, Minimum Draught.—The effects 
of different degrees of hardness and 
smoothness on draught have often been 
experimentally determined, and the re 
sults practically agreed, although ob 
tained in different places and at various 
periods. <A few of them may be refer 
red to here, as they conclusively show 
the importance of these qualities. At 
the Royal Agricultural Society’s Bed 
ford Show last summer, the average 
draught of seventeen carts was found 
to be 39 Ib. per ton on an macadamized 
road, at 24 miles per hour, and 140 |b. 
per ton on a field, at 2? miles per hour. 
Sic John MacNeill’s results are rather 
higher, being 46 Ib. to 65 lb. per ton on 
macadam, and 147 |b. per ton on gravel ; 
but such small differences need not sur 
prise us, when we consider the impos 
sibility of making the experiments in 
precisely similar circumstances, Other 
instances might be given, in which it 
might be found that the draught was 
increased from 3 to 5 times, by allow 
ing roads to get into bad order, or by 
putting on new metal. For the sake of 
comparison, it may be mentioned that 
the draught on a railway, which is 
merely a very perfect kind of road, 
would probably not exceed 10 |b. per 
ton. Now, diminished draught means. 
that each horse is enabled to do more 
work, or to do the same amount of work 
with less exertion and straining.—and, 
in either case, there will be considera- 
ble saving to their owners. Such con- 
siderations prove the advantages of 
having the least possible draught, and 
show that it can be obtained by making 
road surfaces hard and smooth. 

5. Cleanliness—We have seen how 
rough roads are worn away by the 
traffic. Now, the small debris ground 
and chipped off the material, forms mud 
or dust, according to the state of the 
weather. Toa certain extent mud is 
,also caused by the subsoil working up 
through the joints of the stones. But 
| however caused, their evil effects are 
| manifold. Dust, especially in cities, 


often consists to a large extent of pois- 
onous organic particles, which people 
are apt to enhale. 


The poor cannot 
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keep their houses clean it they are con- 
stantly going out and in with dirty 
clothes and boots; and we all know 
that cleanliness is essential to social 
well-being. The rich suffertoo. Their 
furniture is often destroved by the dirt. 
Shopkeepers also frequently lose con- 
siderable sums, owing to the injury it 
does to their goods. Moreover, mud 
is very injurious to the road itself. 
A clean road wears better than a dirty 
From what has been said, it will 
that the quantity of mud 


one, 
be seen 
at which the material of the road is 
consumed, Thus, in Dublin at one 
time the quantity of mud annually 
removed was greater than the quantity 
of metal annually laid on; and ae- 
cordingly, the surface of the roads was 
gradually being lowered. Again, when 
machine-sweeping was introduced into 
Manchester owing to the reduced cost, 
certain streets were swept three times 


of mud removed Was actually dimin- 
ished. Mud keeps the road damp. 
and this softens the subsoil, making it 
work up through the joints, and thus 
increasing the amount of dirt to be 
removed. 
in this damp, solt state, the setts are 
forced into it, and the road-surface be- 
comes becomes uneven and 
holes. 
also facilitates the grinding down of 
the a supply of water 
materially aids the process. But we 
must return to our list of qualities. 
Ill. Solidity—A road must have a 
firm substance, capable of resisting 
the weight of the traffic. A certain 
amount of bulk is necessary, because 
a pressure may crush a 3-in. cube, 
which would have no affect on a 12-in. 
The theoretical pressure of 
vehicles does not vary 


stones, as 


one, 


loaded 


on the practice of the time), thought 
it should not exeeed 1 ton on each 
wheel, the tyre being 4 in. wide, that 
is 5 ewt. per inch of width of tyre 
This opinion seems still to be held by 
curt-makers, for at the recent Bedford 
Show. the average weight per inch of 


width of tyre was 43 cwt., the maxi- | 


mum and minimum being respectively 
3h and 5} ewt. The weight of road 
rollers is about the same. 


sire of about 5} ewt. per 


Pickiord’s vans and London omnibuses 
are exceptionally heavy, being some- 
times loaded up to 84 ewt. per inch. 


carted away is & measure at the rate) 


as often as formerly, but the quantity | 


Besides, when the subsoil is | 


full of | 
By keeping the road wet, mud | 


much. | 
Telford (probably founding his opinion | 


Aveling | 
an Porter's 30-ton roller exerts a pres- | 
inch of | 
width, and that of their 15-ton ro!ler is | 
only about 4 ew. per inch of width. | 
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| Such are the calculated pressures in 
| in some instances, but it is difficult to 
|say to what extent they may be in- 


| creased, owing to tyres becoming con- | 


vex. 
| IV. £lasticity—The importance of 


(this quality is perhaps not obvious at | 


| first sight, and as it is yet scarcely suf- 


| ficiently recognized by road makers, I | 


shall devote a few minutes to its con- 
sideration. Macadam thought that a 
certain amount of elasticity was essen- 
tial to the endurance of his roads. He 
preferred a soft foundation, and noticed 
that a part of the road from Bridge- 
water to Cross, which was laid on a 
bog, and actually shook when a ear- 
| riage 
metal, and was more easily kept in 
repair, than neighboring portions laid 
on limestone rock. He thought that a 
i road was to some extent an arch, and 


by its capacity of resisting inclined 
strains, as well by its density. Telford, 
on the other hand, insisted on having 
a solid foundation, and seem to ignore 


He held that a road was only a hard, 
solid body, which would prevent the 
Wheels from sinking into the ground. 
Telford’s system has been more gener- 
|aliy adopted than Macadam’s, though I 
think experience shows that the latter 
Was right in endeavouring to make 
elastic roadways. It is now generally 
admitted to be most important that 
road coverings should possess this 
quality, and engineers have come to 
this conclusion by observing railways. 
LT have already remarked that a railway 
may be considered a very perfect road. 
The rails are hard, smooth, and solid, 
and earry enormous loads, moving at 
great speeds. Accordingly, whatever 
qualities are found to secure perma- 
nence and endurance in rails, will 
probably do the same for road-metal 
and pavements, though they may be 
required in a much less degree. Now, 
| no one doubts the importance of elas- 
ticity in permanent way. The only 
question seems to be, whether rails, 
and even wheels, should be made a 
| great deal more elastic than they are. 
The Committee of American Engineers 
(on Rails, in their report, recently 
published, point ont many ways in. 
which it benefits the track, and I shall 
quote one or two of their remarks. 
*Too much stiffness diminishes the 
longevity of the rail. Inelastie road- 
beds are among the causes of rails be- 
coming unfit for service. When the 
stem is too thick, the rail is too rigid, 
and this increases the wear on the 





went along it, consumed less | 


. ee > 
supported the pressure of the traffic | 


the advantages derived from elasticity. | 








head, and the liability to break. Rails 
in winter often break, because the bed 
}is frozen hard.” So far the report, 
But besides all this, it has been ol 
| served that rails laid on soft ground, 
isuch as a bog or an embankment, are 
more easily kept in good surface, ani 
| are easier to run on, than those which 
are laid on a hard foundation. 

Now, all these experimental facts 
| prove, as far as railways are concerned, 
| elasticity is absolutely necessary. 

But why? We have seen its affects, 
| but how does it produce them? Ae. 
‘cording to one authority it “ absorhs 
| the effects of the blows of the wheels,” 
|or in the words of another, * it neutra. 
‘lizes the vibration arising from the 
impact of imperfect cylinders rolling on 
| imperfect planes.” And this is no 
}doubt the case, though the precise 
|nature of the concussion, or impuct, 

may not be well understood. ‘The 
/empty cab jolting along over thie 
granite may serve as a very rude 
|specimen of the kind of action which 





| 
| 
| 
| 


|takes place on a railway. Probably 
it is caused by the combination 
of three things,—Ist, high speed; 


2nd, imperfect workmanship, owing to 
|} which neither rails nor wheels are 
| quite smooth, and the latter are badly 
balanced; and 3rd, the elasticity of 
|the materials employed. I fear the 
| first two are not likely to be removed, 
}and it is certain that the last never 
will. This concussion, therefore, ap 
pears to be a thing which we cannot 
get rid of, and which it is better and 
and cheaper to meet, by giving consi- 
derable elasticity to rails and wheels, 
| than by attempting to give them great 
theoretical perfection, that is to say, 
perfect smoothness and rigidity. Such 
an attempt would involve a large first 
cost, not to mention the cost and diffi 
culty of maintenance. But whatever 
its nature, we have a rough idea of its 
amount, from the experiments of the 
Railway Iron Commissioners, in con 
nexion with wrought-iron bridges. 

They found that rapid motion might 
be supposed to add about one third to 
the load, and acting on these results, 
it is the universal practice to make the 
working strain one-third or one fourth 
of the breaking strain, according as 
the structure is to be free from or sub- 
ject to vibration. In short we find 
that Macadam early ob-erved the value 
of elasticity not till recently much 
acted on. We saw the importance 





attached to elastic rails by permavent 
way authorities, and having noticed 
these facts, we tried to ascertain thie 
reasons which in the nature of things 
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cause them. These we find to be 
ereat speed, imperfect workmanship. 
and the inherent elasticity of our 
materials. We therefore came to the | 
conclusion that we cannot get rid of 
these causes which make _ elasticity | 
essential to the endurance of permanent 
way. and that we ought to try to 
neutralize the unavoidable impacts, by 
giving more of that quality to rails 
and wheels, rather than by attempting 
to make them perfectly smooth and 
rigid. | 

Finally all this applies in a less | 
degree, but still a perfectly sensible 
degree, torvads. We are therefore led 
to suppose that elasticity will prove | 
beneficial to road metal and pavements. 
This has been found to be the case, 
and the more this principle is acted on, 
the more this result will be confirmed, 
The chief benefit of elasticity is seen | 
in the roa itself; indirectly, however, | 
it is advantageous to carriages, and this 
also can best. be seen in railways. 

( To he continued ) 





SPECIFICATIONS 


FOR THE 
CONSTRUCTION OF SEWERS IN THE CITY 
OF CHICAGO, ILL., UNDER THE DIREC- 
TION OF THE BOARD OF PUBLIC WORKS. 
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keep the work dry until the cement is 

perfectly set. No extra allowance will 

be made for pumping or bailing. 
MATERIALS. 

All materials of whatever nature, re- 
quired in the construction of the sewers 
and drains, except bricks, pipes and man- 
hole covers, to be furnished by the con- 
tractor, and to be approved by a duly 
appointed inspector before being used, 
All rejected materials to be removed im- 
mediately from the work, so as to effect- 
ually prevent their being used in it. 

CENTERING AND PATTERNS, 

All centering and patterns to be made 
strictly according to the plan or directions 
furnished, and so constructed as not to 
yield under any pressure to which they 
may be subjcected. No centering to be 
removed before the back-filling over it is 
sufficiently completed to prevent any in- 
jury to the masonry. 

MASONRY. 
The mortar to be made by thoroughly 


incorporating two parts of clean sand | 


with one of American Cement, equal in 
quality to the best Utica Cement which 


‘has been made in LaSalle County, IIL, 


mixed in a dry state, then adding just 
water cnough to give it a proper consis- 
tency, and used as soon as practicable 
after being mixed. Extra cement, or- 
dered to be used by the engincer in 


| charge, will be paid for upon the estimate 


lof the same. 


EXCAVATIONS. 

These are to be made in such directions, 
and of such widths and depth as shall be | 
necessary. Wherever the nature of the 
ground will admit of it, the bottom of the | 
excavation must conform exactly to the 
ontside of the lower half of the sewer. 
The material excavated to be deposited on | 
the side of the trenches, and beyond the | 
reach of slides. All water or gas pipes 
of whatever kind or size, to be caretully 
supported and protected from injury by 
the contractor, cither till the masonry and 
back-filling shall be finished, or till the of- 
ficers of the water or gas works shall re- | 
move or change the pipes. Whenever 
necessary, timbers and planks shall be 
used to support the sides of the trenches. 
No allowance will be made for supporting 
the sides of the trenches with timbers or 
planks, unless they should be required to | 
remain, in which case they are to be paid 
for by board measure. 

In no case, without special permission, 
shall the excavation of trenches be more 
than one hundred feet in advance of the 
completed masonry. 

FOUNDATIONS. 

Whenever the soil is sufficiently firm, 
the masonry is to be laid directly on the 
bottom of the excavation; but whenever 
this shall not be the case, the contractor | 
is to furnish and put in place, sand, gravel | 
or boards (of suitable quality and dimen- 





Every brick must be clean, and thor- | 


oughly wet, if required, just before being 
laid. Whenever a difference occurs in 
the character of the brick for smoothness 
of surface, the best are to be used on the 


bottom and the poorest on the top of the | 


two, two and oae-quarter, and two and 
one-half foot sewers, which are to be 
formed of one ring or shell of wedge 
shaped or common bricks. The three, 
four, five, and six foot sewers are to be 
formed of two rings or shells, the smooth- 
est bricks to be used on the bottom of the 
inside ring or shell, and the toughest, 
together with such broken ones as the 


inspector may direct to be used, on the | 


outside ring or shell. 


Every brick on the inside of the sewer | 


to be laid fair and smooth by line, and to 
the true cylindrical form given for cach 
case. The brick in each course are to be 


all stretchers, and to break joints with | 


those in the adjoining courses. Every 
brick is to be thoroughly imbedded in 
mortar under its bottom and on its sides 
and ends, which is to be performed by 


one operation for cach brick, and in no | 
case shall mortar be worked in after the | 
brick is laid. The joints between the | 


courses shall not exceed half an inch ir 
thickness, and between the rings or shells 
they shall not be less than half an inch. 
The mortar joints on the inside of the 
sewers below the centre line to be care- 


sions) as may be required. In wet bot- | fully struck when laid, and those above to 
toms suflicient means must be provided to | be scraped smooth with the brick work, 
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immediately after the centres are struck; 
and the mortar scraped off and removed 
entirely from the sewer, which is to be 
left perfectly cleaned, and wailed off at its 
ends. 

Whatever precautions unforeseen cir- 
cumstances may rence necessary in the 
judgment of the Engineer, m order to 
make the sewers both unyielding and 
impervious, shall be taken, and all extra 
work or materials rendered necessary 
thereby, which may be ordered by the 
Engineer, shall be paid for at his estimate. 

MAN-HOLES 

Man-holes are to be of the form, di- 
mensions and materials shown on the 
plans of the same, and of the same class 
of masonry as the sewers, so far as brick 
work and materials to be used. 

OUTLETS. 

The outlets or terminations of the 
sewers are to be made of stone or brick, 
laid in cement mortar, and of the 
and dimensions shown on the plans. 

All side junctions, whether for lateral 
sewers, catch-basins, or houses or lots, and 
whether of brick or pipe, are to be built 
into the sewers, wherevet required, in as 
careful and thorough a manner as the rest 
of the work is done, and their ends to be 
effectually closed with brick and cement. 

BACK-FILLINGS. 

As soon as possible after the top of the 
sewer is closed up at any point, it is to be 
covered over with at least thirty inches 
of earth, and always to the top of the 
trench whenever that is more than thirty 
inches above the top of the masonry. 
This back-filling is to be put on carefully, 


form 


in lavers of not over six inches each, and 
each layer, before the next one is put on, 
to be either thoroughly wet or rammed, 
as the nature of the soil may render best, 
so as to prevent effectually all injury, 
from settling, to the sewers, and the nec- 
essity of unusual repairs to the streets. 
The back-filling to be made with earth 
| taken from the trenches, as far as it will 
go, and any extra filling ordered will be 
paid for, extra, at a price per cubic yard 
as agreed upon. Sheet piling,where used, 
are not to be drawn before the trenches 
are filled. 

All earth and other material thrown 
| from the trenches, and not required for 
| the back- filling are to be spread uniformily 
lover the street, crowned up over the 
sewer, or thrown into the ditches, as may 
be required. All graveling, macadamiz- 
| ing, planking, culverts and cross-walks, are 
to be carefully removed before the trenches 
are dug, and are to be restored again to 
as good a condition as they were in pre- 
vious to the commencement of the sewers 
| and to the satisfaction of the City Super- 
intendent of Public Works. 2 

PIPE-SEWERS, 

| So far as the specifications for the ex- 
| cavation and supporting sides of trenches 
preparation of foundations and back-tilling 
tor the larger sewers, can be made to ap- 
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ply to the construction of the pipe sewers, 
_ ‘y are to be followed, Each pipe is to 
be laid on a firm bed, and in perfect con- 
formity with the lines and levels given. 
The ends of the pipe are to abut close 
against each other, in such a manner that 
there shall be no shoulder or want of uni- 
formity of surface on the bottom of the 
interior of the drain. The rings are to be 
pli iced centrally around the joints of the 
pipes. The joints between the rings and 
the pipes are to be as uniformas possible 
in thickness, and thoroughly filled with the 
best American cement mortar, without 
sand or other substances, with only water 
enough to give proper consistency, and 
use as soon as made. 

Pipes with branches for private drains 
are to be placed wherever required, and 
the ends of the branches for private drains 
are to be carefully closed with bricks and 
cement, 


As often as once in every eighty feet, if 


required in the line of the pipes, there is 
to be a man-hole, built according to the 
plan furnished of the same. 

GENERAL SPECIFICATION. 

The Commissioners shall have the right 
to connect private drains with any of the 
sewers embraced in this agreement, so soon 
as said Board deem it expedient. 

The Contractor shall be required to 
to guard the public effectually from liabil- 
ity to fall into the trenches, or from upset- 
ting their vehicles against the earth thrown 


from them, during the whole progress of 


the work, both by night and by day; and 
will be held pagans for any damages 
the City may have to pay, in consequence 
of neglecting the necessary precautions. 
In addition to the necessary barriers, a red 
light must be maintained at night, at each 
end of the trench. 

The Contractor will be required to dis- 
miss from his employment all ire ompetent 
or unfaithful persons ; also to keep i in per- 
fect repair, for six months after its com- 
pletion, the w hole of his work, except in 
cases where the repairs may be rendered 
necessary by causes cle: ly beyond his 
control. 

All of the work to be commenced and 
carried on at such times, and in such places, 
and in such a manner as the engineer shall 
direct; he being aided by his assistants 
and Inspectors, appointed for the purpose 
by the said Board. No work will be paid 
for unless accepted by the Engineer or 
some other person appointed by the said 
Board for the purpose. Payments of 
eighty-five per cent. in c: ash will be made 
mi nth lv, on the Engineer’s approximate 
estimate of the amount due each Contrac- 
tor, and the remaining fifteen per cent. 
will be retained till the completion of the 
work, as security in part for its faithful 
perform: ince. Bonds to an amount satis- 
factory to the said Board will be required 
as additional secur ity. No Contractor will 
be paid a monthly estimate, after the first 
one, unless he has paid his workmen in | 


mate. 

All the above specified work to be com- | 
pleted by..... ..-..unless the said Board 
should fail to furnish the bricks or pipes, | 
or for any other cause find it necessary to | | 
suspend operations, in which case the Con- | 
tractor shall be allowed further time, equal 
to the delay caused, but shall not be en- | 
titled to any damages of any kind or na- | 
ture whatsoever for such delays. 

No Coatractor will be allowed to sub- | 
let the whole, or any part of his work, 
or make an assignment of the moneys to 
be paid to him, without special permis- 
sion in writing from the said Board; and 
each Contractor will be required to give 
his personal attention to the work. 

Any Contractor who shall fail to em- 
ploy a sufficient force of competent men | 
to complete the work he undertakes by | ; 
the time specified, may be dismissed by 
the said Board; who shall, in such case, 
be authorized to complete said work at | 
the cost of the Contractor. 


Any bidder who shall fail to appear at | 
the office of the Board of Public Works, | 
either in person or by his agent, within 
two days after being “addressed, through 
the post office of this city, or shall not, | 
within three days, fuinish the required se- | 
curity, shall forfeit his claim to the work. 


full, up to the date of his previous enti- | 
| 


The Board will reserve the right to re- 
ject any proposal, at their discretion. 


Contractors will be required to dig all | 
stake holes necessary to give the lines and | 
levels for the work, in time for the daily 
visit of the Assistant Engineer in charge, 
at such times as he may appoint. 


All railroads not required to be taken 
up must be kept in constant running or- 
der, and all railroads must be left, after 
the completion of the work, in as good 
condition as they were before its com- 
mencement, by the Contractor. 

No allowance will be made for delays, 
or other damages, occasioned by the neces- 
sity of keeping the 1 railroadsgn constant | 
running order, or for 
placing the same when it is necessary to | 
do so. All claims for extra labor or ma- 
terials furnished by the Contractor, or for 
damages for any cause whatsoever, must | 
be reported to the Inspector on the work 
at the time when such labor or materials 
are furnished, or such damages occur, and | 
such claims must be presented to the En- 
gineer in charge of the work at the end 
of the same month, by the Contractor ; 
otherwise the Board will not be bound to 
pay any such claims. 


Water used from the city water pipes 
by the Contractor in the construction of 
work, will have to be paid for by him at 
the usual rates. 


Bricks and other materials furnished by 
the city for the sewers, will be placed on 
the streets, as convenient.to the work as 
possible. but no extra allowance will be 
| made for moving them. 


removing and re- | 





‘construction and mode of using. 


Wood’s Patent Steam or Pneumatic 
Rock Drill. 


The Rock Drilling 
Machine, of which 
we here present an 
illustration, is the re- 
sult of a series of ex 
periments began be 
Professor De Vv olson 
Wood, several years 
ago, while he was 
connected with the 
U niversity of -Michi- 
gan, and steadily persevered in since his 
connection with the Stevens Institute of 
Technology at Hoboken, N. J. That it 
is a difficult invention to perfect and bring 
into use, is acknowledged by all who have 
had any experience in similar undertak- 
ings. But Prof. Wood is an indefatigabk 





| worker, and although obliged to devote 


the principal portion of his time to his 
daily duties in the class-room, has found 
time to publish two books—which are now 
| standard authority on the subjects of the 
construction of bridges and roofs, and on 
the strength of materials—besidés keeping 
up his experiments on his invention. Col- 
lecting carefully the statistics of the effi- 
ciency of the various Rock Drills in this 
country and Europe, noting the difficulties 
that had to be overcome, and applying 
his theoretical knowledge to their solution, 
'to be afterwards tested. by actual experi- 
|ment, and comparison with the best of 
similar machines in the country, he has, it 
is believed, succeeded in producing a Rock 
Drill that for avery great variety of work 
promises the most flattering results. 
There are several sizes of the drill, but 
all are made after the same general style. 
We have not the space to enter into a de- 
tailed description of them, but for all such 
articulars refer our readers to Professor 
Vood, at Hoboken, N. J., who will fur- 
nish circulars, with large illustration of 
the machine, and an explanation of its 


Asa 


| specimen of the work of one of the three 


inch drills, we reprint a statement. that in 
a block of Quincy granite, in Newark, 
N. J.,a hole 114 inches in diameter was 
drilled 111 inches deep in 21%4 minutes; 
in sandstone a hole same size was drilled 


| 12 inches in one mimute; and it is further 


stated that in a limestone quarry, where 
one of these machines has been at work 
for six months, it has done the work of 
twelve men. 


To contractors, quarrymen, and others 


‘engaged in rock-work excavation, the 


Pneumatic Rock Drill must be what the 
mowing machine is to the farmer. 





For the past two years, sixty or seventy 
American locomotives a year have been 
sent abroad at an annual valuation of near- 
ly a million of dollars. 
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